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➢ Dynamic modulus (|E*|) is a crucial engineering property used to determine the performance
and stiffness characteristics of asphalt pavements.
➢ One of the property of asphalt concrete which is difficult to measure in lab.
➢ Various models have been developed to predict the Dynamic modulus like Original Witczak
equation, Modified Witczak Equation, Hirsch model, Law of mixtures parallel model, ANN
model and Resilient modulus-based model.
➢ All these models are predictive models, used to estimate the Dynamic modulus as it is a
cumbersome and considerably time-consuming process to measure the Dynamic modulus in
lab due to various issues like preparation of samples, availability of expensive equipment,
skilled personnel to perform tests and to equilibrate temperature.
➢ Artificial Neural Networks (ANN), are a computational model based on the neuron structure
of human brain. It is a system of interconnected neurons which can be trained to predict the a
dependent quantity as a function of multiple independent variables.
➢ The ANN model consists of input neurons, hidden neurons and output neurons. The number
of hidden neurons can be in multiple layers and as the number of layers increases the model
becomes more accurate and can perform deep learning.
➢ The input neurons are the independent variables which is fed into the model and the target
range is fed as the dependent variable. Neural Network Fitting application available in
MATLAB is used to develop this model. This application is designed in such an user friendly
way that the user neither have to perform any coding nor has to apply any syntax to develop
a model. The application requires to provide the data to be analyzed and the number of
hidden layers to be considered in the model.
➢ In total, 7400 data points was used from 346 mix samples to generate the equation. The
main aim of the study is to make an effort to overcome the shortcomings in the previous
predictive models, which are known for being inaccurate and accuracy have been questioned
by many researchers.
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Regression Analysis
Introduction and Background
➢ The developed ANN model can predict the Dynamic modulus close to the measured
values.
➢ The model has R squared value of 85% and the correlation analysis between the
measured and predicted values gave a R squared value of 83.8%, which is a critically
close correlation.
➢ This model was developed considering various types of HMA mixes. The developed
model can predict the Dynamic modulus of almost all the considered HMA mixes.
➢ ANN plays a crucial role in developing this model and the availability of the Neural
Network Fitting application makes it more user friendly.
ANN Training Methodology Rule Extraction from the Trained ANN Model
Conclusions
Model Development Performance of the Model
➢ The model was developed and trained to predict the Dynamic Modulus as a function of the gradation properties,
volumetric properties, temperature, frequency and binder stiffness properties.
Dynamic Modulus= ƒ(gradation properties, volumetric properties, temperature, frequency and binder stiffness 
properties.)
➢ The developed model structure has the weigh factors and bias values from inputs to the
hidden layers and then from the hidden layer to the output neurons. Below are the
weigh factors and bias values.
➢ Wih =






































Measured vs Predicted Dynamic Modulus Plot
